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FOREWORD 

This report presents an  account of NASA sounding rocket flight 

14.297 CE, the payload for which was prepared by American Science 

and Engineering under contract NASW-1540. 

a directional neutron detector developed by AS&E under contract 

NASW-1523. This detector was conceived by J .  R. Waters and develop- 

ed  under h i s  direction. Other major contributors to the program were 

R. Becker, S. Frankenthal, E. Kellogg, H. Manko and R. Tietsch. 

The payload contained 

The eventual goal is to  search for neutrons coming from the sun. 

This rocket flight and the previous development program showed that 

such a detector could be flown in a rocket without damage or degraded 

performance. However, certain improvements are  required before it 

might b e  used to search for solar neutrons. 
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ABSTRACT 

A directional neutron detector was  built, along with appropriate 

electronics, a sun sensing device, and a nose cone ejection system. The 

phosphor for the  scinti l lat ion counter was  constructed of small g l a s s  tubes 

filled with scintillation fluid encased in c lear  epoxy, and completely 

sourrounded by a cosmic ray anti-cofncidence shel l  of CsI. The experi- 

mental apparatus was  integrated into a Nike-Apache sounding rocket and 

launched from Wallops Island, Va. on 13 June 1967. Pulse height and pulse 

shape information telemetered to the  ground station for subsequent two param- 

eter  analysis  determined the type of radiation detected,  as  well as  its 

energy spectrum. Except for the inadequate rejection of cosmic ray particles, 

the system functioned a s  planned, demonstrating the suitabil i ty of th i s  type 

of detector for solar neutron measurements 

vii i  



1.0 PURPOSE OF THE EXPERIMENT 

1. 1 Neutron Sources Outside the  Atmosphere 

Space experiments involving the  measurement of intensity, 

spectrum, or direction of particle fluxes or of electromagnetic radiation are  

important in astrophysical or geophysical considerations, s ince the  sources 

and production mechanism for a l l  such radiations must  be explained. 

Measurement of neutron flux outside the  ear th 's  atmosphere 

can provide particularly useful information. 

length of neutrons in matter and the  half life for radioactive decay, both of 

which are  relatively short, such neutrons would be expected only from the 

earth 's  upper atmosphere, from the  region j u s t  outside the sun ' s  atmosphere, 

or from the space vehicie containing the detection system. Of these  sources,  

neutrons from the earth and spacecraft would have less fundamental interest, 

s ince they would usually be secondary to  radiation generated by energetic 

cosmic ray particles, which themselves are  eas i ly  observable. Solar neutrons, 

on the other hand, are  presumed t o  result from disturbances jus t  outside the  

solar atmosphere which are  remote from direct  observation. 

Because of the attenuation 

Following solar  flares, protons, electrons and other charged par- 

ticles of very high energy have been observed. 

lated neutron production rates,  based on estimates of t h e  fluxes and energies 

of the charged particles contained in the  flare. While it is established that 

there must  be neutron production in an amount that would be detectable,  there 

is a wide variation in predictions of intensit ies and energy spectrum of the  

neutrons. 

provide information on the process which produced them-  

Several authors have calcu- 

Presumably,.an actual  measurement of the neutron yield would 
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Hess'l) has  considered a model whereby protons in flares,  

impinging on the  surface of the sun, produce neutrons with a conversion 
2 efficiency of about 1 per cent. This would cause  a neutron flux of 26/cm 

sec at the earth if it were not for neutron decay. Of course, the  amount of 

decay depends on the flight t i m e  and hence, on the  energy of the  neutrons. 

Lingenfelter, Fhmm, Canfield, and Kellman") have performed 

a more detailed investigation using a similar model. They conclude that a 

flux of as much a s  7 x 10 / c m  would arrive at the earth during the  first 

hour following an  extremely intense flare. The t i m e  dependence of the  

arrival would appear as in Figure 1-1. 

4 2  

(3 1 Fireman ha s mea sured large concentrations of tritium 
3 and He 

his data is that these elements were produced by nuclear reactions in 

the sun during the 3 flare of December 1 2 ,  1960, If that  were so, neutron 

fluxes at the earth of ,up to 10/cm 

the intense portion of a flare of this importance. This  yield is not in- 

significant compared to the proton induced neutrons considered by Lingenfelter 

in recovered Discoverer 17 material. A l ikely interpretation of 

t 

2 sec might have been seen  during 

et a l .  These D-D neutrons would be identified by their longer transit  t i m e  

and, in recoil detectors, by the s i z e  of t h e  output pulse. 

It should be possible to detect  such fluxes, provided that 

the observations are  made a t  the appropriate t ime .  It would be most 

desirable to have the detector on a satel l i te  t o  monitor neutron f lux  during 

qu ie t  a s  well a s  act ive periods, and to be available for observations with 

little or no warning. 

Measurements have been reported by several  observers. 

H a y n e ~ ' ~ )  and Bame and A ~ b r i d g e ' ~ )  have reported upper l i m i t s  of 0 . 0 2  and 

0.01 neutrons/cm sec ,  respectively, during periods of little solar activity. 2 

Following a recent experiment, Daniel, Joseph, Lava kare, and 
(6) Sunnderajan report a n  increase in the counting rate of a neutron sensi t ive 
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Figure 1-1 Neutrons from Solar Flare,. 
Predicted neutron flux arriving at the Earth after the  onset of a f lare .  
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detector during a period when activity from a solar  sub-flare was monitored 
by optical  and radio observations. The resul ts  are  interesting, but by 

themselves, inconclusive. 

1. 2 Detector Desiqn Considerations 

To determine unambiguously that the sun is the  source of de- 

tected neutrons, it is desired that the  detector be more sensi t ive for neutrons 

from one direction than from another. 

counting rate and angle is observed as the detector is rotated, the actual  

source of the neutrons can be located. 

Then, i f  a correlation between the  

In addition, the detector must  be able  t o  reject cosmic ray 

protons, gamma rays , or any incident radiation other than neutrons, but 

still count neutrons with reasonable efficiency. 

and compact, and have low power consumption i f  it is to  operate on a space  

vehicle. 

The detector must be rugged 

It was elected to  re ject  the undesired events by pulse-shape 

discrimination (PSD) in a phoswich detector. A scinti l la tion detector 

was employed which uses  NE 213 fluid as the scintillator. 

nonlinear response of this scintillator material to the rate of energy deposi- 

tion, proton recoils from neutron scattering give longer pulses than electron 

recoils from Compton scattering and other photon induced events.  

Because of the 

Cosmic 

, ray events were to be rejected by enclosing the scintillator with a layer of C s I  

(Na). 

which is longer than neutron induced events.  

which would allow rejection of the fast (gamma) pulses or the very slow 

(cosmic ray) pulses,  and accept only the mid-range of pulse lengths that 

included detected neutrons. 

Cosmic ray protons going through the Cs I  (Na) would produce a pulse 

PSD circuits were designed 
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Directionality was incorporated by allowing the scinti l la tion 

fluid to flow into and around a matrix of closely packed g l a s s  tubes. .Since 

t h e  m o s t  energetic proton recoils a re  predominantly in the same direction a s  

the incident neutron, neutrons incident along the direction of the tubes pro- 

duce more light than neutrons perpendicular to t h e  tubes. The effect can  be  

understood qualitatively by considering a n  idealized c a s e  in which proton 

recoils originate in NE 213 fluid a t  the center of a g l a s s  tube when 3.0 MeV 

neutrons a re  inc ident .  

Figure 1-2 shows the distribution in NE 213 of the ranges of 

proton recoils, Different ranges result  from different scattering angles,  and 

the horizontal scale ,  proportional to s in  8 is selected so that equal inter- 

va ls  represent equal probabilities. Also plotted is the dis tance to the inside 

tube wall along a l ine making an  angle 8 with respect  to the tube axes ,  assum- 

ing the tube has  an  inside radius of 0.002 in. This path length, of course,  

varies with scattering angle.  

tubes, the entire range of the recoil is in the glass. About 40 percent of 

most energetic recoils a re  degraded in energy, however, when the incident I 

neutrons a re  directed transverse to the glass tubes.  It must be emphasized 

that a more detailed analysis  is required to predict accurately the behavior 

of the detector. 

It is seen  that for neutrons incident along the 

1 

; 
I 

1 
I The analysis  is further discussed in the next section. 

A 

1. 3 Flight Test of the Detector 

A detector has  been constructed using the  design concepts men- 

tioned above. 

on a side.  

and tes ted .  

the init ial  unit was flown above the atmosphere in a Nike-Apache rocket. 

The glass tube structure was  in the  form of a cube, 1. 50 in. 

Electronics suitable for a satel l i te  were designed, assembled, 

To prove the suitability of the system for satel l i te  applications, 

1-5 



- 
u) - .- 
E 

z 
0 
Lk: 

Y 

a 

b 
0 
W 
Lk: 

s 
W 
c3 z a a 

8 

6 

4 

2 

0 
0 

I I I I I I I I I 

DISTANCE TO GLASS 
/ 

0.2 0.4 0.6 0.8 
SIN2 8 (RECOIL ANGLE W.R.T. TUBE AXIS) 

Figure 1-2 Distribution of Ranges. 
Recoil protons i n  NE 2 13.  3 0 MeV Neutron energy. 
G las s  tube inner radius 0 .002  inch.  

1-6 

I .o 



The rocket flight, sl ightly over five minutes, was not ideal in 

that it provided no opportunity to observe solar neutron emission a s  a 
function of t ime.  However, it was expected to provide a t  least a n  upper 

l i m i t  for neutron emission from the quiet  sun. 

event could have occurred at  such a t i m e  that  solar  neutrons could be 

detected during the flight, and in that case a measure of the intensity and 

energy distribution might be obtained. 

It was possible that  a solar  
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2.0 DIRECTIONAL DETECTOR 

2.  1 Geometrical Considerations 

The energy range over which the  detector maintains direction- 

a l i ty  is determined by the inner radius of the glass tubes which contain the  

scintillation fluid. 

2 .8  MeV D-D neutrons, a s  well a s  the more energetic breakup neutron 

spectrum calculated by Lingenfelter et al, it was  necessary that  the 

detector have good directionality a t  2.8 MeV and a t  higher energies. 

Range-energy relationships indicated that  a 0.002-inch inner radius would be 

appropriate in this  case. Selection of the  outer radius was a compromise be- 

tween sensit ivity and directionality. A choice of 0.  003-inches outer radius 

was made, giving a scint i l la tor /glassrat io  of 0.493 : 0.507. This causes  

degradation of pulse height averaging t o  about 50 percent for neutrons inci- 

dent perpendicular t o  the  tubes,  but maintains the sensit ivity for neutron de- 

tection at a reasonable fraction of that from a homogeneous liquid scin- 

tilla tion cell. 

In order t o  utilize the same detector t o  search for 

The liquid scintillator cell was a 1 . 5  inch cube; the s i z e  

being limited by multiple-sca ttering effects, l i gh t  collection, cos t  

and availability of space.  Approximately 2 6  percent of incident 2.8 MeV 

neutrons should scat ter  from hydrogen in a cell the s i z e  selected.  For 
2 a t i m e  integrated f l u x  of 1 . 0  neutrons/cm a t  2.8 MeV there should be 4.0 

recoil protons. 
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2 . 2  Pulse Shape Discrimination 

The scintillation fluid chosen was  NE 213 (supplied by Nuclear 

Enterprises, Ltd., Winnipeg, Manitoba) because of its excellent PSD prop- 

erties. In particular, neutrons and gamma rays a re  readily distinguished by 

the fact that  neutron pulses  have a longer decay t i m e .  

Cosmic ray particles a re  expected to be a troublesome source 

of background. 

tor with a layer of CsI  (Na) having a decay t i m e  of about 0 .5  microseconds, 

much longer than neutron pulses from the  NE 213. 

particle rejection is reported to have been used successful ly  by Haymes 

resulting in only a slight deterioration of the  discrimination between neutrons 

and gamma rays.  

Their effect was reduced by completely enclosing the  detec- 

This technique for charged 
(4) 

CsI (Na) was chosen over CsI  (Tl) because of its greater light 

output. It is true, however, that the decay time of the  CsI  (Tl) is longer than 

for the  CsI  (Na), so that  they are  probably equivalent for use  a s  ananticoinci-  

dence shield in the present application. 

The CsI  layer was  0 . 0 5  c m  thick and any charged particle trav- 

ersing th i s  thickness would lose a t  least 400 keV of energy. 

particles would lose  twice that ,  s ince they must enter and leave through the 

CsI. 

to  cause  it t o  be rejected. Evidence presented later in th i s  report, however, 

indicates that  rejection was not a s  great a s  had been expected. 

Most cosmic ray 

This should have provided sufficient slow decay component to the pulse  

2.  3 Directional Properties 

Limiting the NE 213 liquid to the region inside and be- 

tween closely packed g l a s s  tubes produced several  desirable effects. 

Mos t  important of these,  a s  mentioned earlier, is that it can  be easi ly  

demonstrated that a beam of neutrons is coming from a particular dir- 

ection. Another effect was the reduction of the efficiency for detec- 

ting neutrons produced in  the upper atmosphere and aboard the vehicle. 
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Alignment of the g l a s s  tubes was maintained in such a way that  these 

background neutrons were incident on the detector in  the l e a s t  sensi t ive 

direction, with no correlation between sensit ivity and angle. A final 

effect was that  electron recoils from gamma-ray induced processes  in 

the scinti l lator were of sufficiently long range that their pulse height 

was invariabily degraded by a factor of about two compared to that  of a 

bulk scintillator; this  reduced the ability of gamma pulses  to break 

through the PSD and appear a s  neutrons. 

A computer program to calculate the directional response was 

written. The program simulates the detector by tracking proton recoils 

from uniformly distributed scattering locations in the liquid scintillator 

through various polar and azimuthal angles  of recoil. Each polar angle 

is weighted according to the lab  cross  section for n, p e las t ic  scattering, 

See Figure 2-1. 

Recoil protons for each  combination of scattering location, 

polar and azimuthal angle are tracked through the sample. A power law form 

of the range energy relation is assumed, and the light output is assumed to 
follow the relations of Rothberg (7). . 

L = 0 .28E  t 0.033 E E < 6 MeV 

L = 0.7OE - 1.33 E 2 6 MeV 

where E is the energy in  MeV, and L is the l ight output in units such that  

L = E for electrons. 

The fundamental input parameters for the calculation a re  

neutron energy, g l a s s  tube inner and outer radii and the'angle between 

the g l a s s  tube axes  and the direction of the neutron's momentum. Most 

of the calculations, l ab  tests and flight ana lys i s  were done with this  angle 

equal to  0' (parallel incidence) or 90' (perpendicular incidence). 
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Figure 2-1  Selection of Events, 
The approach to calculating the directional response is outlined. 
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Some of the computer outputs are  illustrated in Figures 2-2 

through 2-5. The response is plotted a t  energies of 1, 2, 3, 4, 5, 6, 7, 

8, 10, 12 and 1 4  MeV for neutron tube angles a s  indicated, 

The curves show that  t h e  detector will have good efficiency 

and good directional properties from 2 .5  MeV up to about 8 MeV, a s  long 

a s  the incident neutron spectrum includes only a reasonably narrow range 

. 

of energies. 

neutron from solar flares, s ince these neutrons will be  produced over a 

short period of t i m e  and will arrive in the vicinity of the earth a t  a t i m e  

determined by their energy. 

It would be  expected to be use fu l  for looking a t  the slower 

The detector does not give highly directional response to 

a continuous neutron energy distribution. Therefore, one might question 

its practical  usefulness. One important situation where it could be  used 

to advantage is in observing the  effects of the sudden onse t  phase of an 

intense flare. The neutrons would be time-of-flight analyzed, so would 

be monoenergetic a t  any given t i m e .  The detector would give directional 

response, and would be extremely use fu l  in sorting out real  solar neutrons 

from fluctuations in the background caused by other effects of the flare. 

One example of a s ide  effect very difficult to sort  out is a change in the 

rate of loca l  neutron production in the spacecraft, due to increased 

charged particle fluxes from the  sun. This effect could not be dis- 

. criminated against  by a non-directional detector. 

2. 4 Evaluation of Prototype 

In order to test several  concepts of the design, prototype de- 

tectors were built and studied. A sample of NE 213 fluid enclosed in a 
g l a s s  chamber one inch in diameter and one inch long, without glass tubes, 

was  used in determining the pulse height response to  various sources of 

radiation in the laboratory. 

our electronics, in particular, the PSD circuits. 

I t  was  also used in checking the quality of 

2-5  



c 

inn I I I 1 " I 

I MeV 

IO 

I 

0 
0 

Me\ 

i 

I 
40' 

AeV 

4 MeV 

J 
T 

5 MeV 

80 

6 MeV s 
CHANNEL NUMBER 
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Figure 2 -4 Calculated Spectra for Directional Detector: 
4 to 7 MeV, parallel and perpendicular incidence.  
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Two detectors with g l a s s  tubes a l so  were constructed. The 

one most similar to the flight scintillator contained 850 tubes of the same 

cross-section a s  was used in the flight. In order to f i l l  the cell it was 

f i rs t  evacuated. The NE 213 fluid was  then allowed to flow in, filling 

the vacuum. 

The directional response is shown in Figure 2-6. The 

calculated curves include 50 percent pulse height resolution, and were 

normalized along both axes.  There is good agreement in the shapes and 

realtive light output for parallel and perpendicular incidence. The 

"directionality" shown in Figure 2-6 is defined a s  the ratio of the total 

number of counts above a given threshold for parallel incidence to those 

for  perpendicular incidence. Figure 2-7 shows the effectiveness of PSD. 

The curves labeled "n-logic" are  data identified a s  neutrons by the PSD 

circuit. They show the shape expected from 2.8 MeV neutrons incident 

parallel to the ax is .  The cutoff a t  about channel 35 is from a lower-level 

discriminator. 

presence of Co 

by the gamma rays, a s  expected. Figure 2-8 shows that some directionality 

is retained a t  14  MeV. 

Both "n-logic" curves are  the same with and without the 

gamma rays.  The "Y-logic" data is strongly affected 

. 
6 0  

2.5 Fabrication of the Flight Scintillator 

For ruggedness and e a s e  in handling, the g l a s s  tubes used 

for the flight were bonded together. a t  elevated temperatures into hexagonal 

bundles of 270 each. These bundles were then cemented together to form 

the total  g l a s s  structure. About 71, 000 tubes were required. A portion of 

the assembly is shown in Figure 2-9. The cell was  constructed by American 

Optical Co., Southbridge, Massachusetts.  
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Figure 2-7 Gamma vs Neutron Response of Prototype. 
60  Detector aligned parallel to D-D neutron source. Results with Co 

source present show gamma routed spectrum influenced strongly, but 
neutron routed spectrum unaffected. 
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Figure 2-8 Directional Response to 2.8 MeV Neutrons: Prototype. 
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Figure 2-9 0.006" Diameter 
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An epoxy enclosure (Allaco Crystal Clear) was  c a s t  around the  

glass block, with one end left open for filling. A cover, to be sea led  to  the 

enclosure by an  O-ring and epoxy cement, completed the assembly. The 

cell was first  filled with NE 213 fluid using the  same procedure that  had 

been employed for the  prototype. 

At this  s tage  the  scintillator did not have the  optical  qualities 

The appearance of the glass block, when delivered from the  manu- expected. 

facturer, w a s  dull and cloudy, which was attributed to  the  high contrast i n  

refractive index between glass and air. When the tubes were filled with 

fluid, which closely matched the  g l a s s  in refractive index, there was not a 

noticeable improvement. The prototype detectors, on the other hand, had 

been so clear  that  the individual glass tubes were almost undiscernable. 

Studies continued on this scintillator, however, t o  determine a s  much from 

it a s  possible. 

A s  a further step in the fabrication of the scintillator, the 

layer of CsI ( N a )  for charged particle rejection was  bonded to the epoxy 

enclosure. This was  done, with no detectable deterioration of the optical  

properties, by Harshaw Chemical Corporation, Cleveland, Ohio. 

Prior t o  final evaluation and flight the  scintillator was potted 

in a mu metal can. 

T i 0 2 .  

cone rubber. This final encapsulation of the  detector seemed to  improve the 

optical properties, presumably because of t he  highly reflective inner surface 

of t he  mu metal can. 

The inside of the can was painted with several  coats  of 

The potting material was General Electric RTV 602, a form of sili- 

To learn more about the technique of fabricating a glass tube 

structure with good optical properties, a second unit was  ordered from the 

same supplier, this  one to  be assembled without the  u s e  of cement between 

the  hexagonal bundles of tubes.  The optical  properties of this structure did 

not seem t o  be better than the first one. An intensive effort a t  ultrasonic 
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cleaning of the inside of the glass tubes with a solvent provided some im- 

provement, indicating that the difficulties in the initial unit may have been 

caused from clogging of the tubes by s m a l l  chips of glass or abrasive. 

2 .  6 Laboratory Tests of the  Fliqht Scintillator 

With the use  of conventional commercially available electronics 

circuitry, tests of the  efficiency, directionality, and PSD performance of t he  

flight scintillator were made before and after the  C s I  (Na) anticoincidence 

shield w a s  added. 

A block diagram of the electronics is shown in Figure 2-10. 

The circuits shown in the  diagram are of ORTEC manufacture. 

the points labeled PS, PH, and Routing were fed to a Nuclear Data 512- 

channel pulse height analyzer. 

in the  rocket flight, an RCA developmental tube, with a bialkali cathode, 

C70114F, which is essent ia l ly  the s a m e  as a type 4461. 

Signals at 

The phototube was  identical to the  one used 

The method of achieving PSD is conventional. The anode sig- 

nal generates a leading-edge timing pulse while the  dynode signal, inte- 

grated at the preamp input and clipped in the  amplifier, has a crossover 

t i m e  dependent on the decay t i m e  of the scintillator fluorescence. 

a time-to-amplitude converter, measuring the  differential between the  lead- 

ing edge and crossover times, furnishes the  desired pulse shape (PS) infor- 

mation. This PS signal can be  fed directly to the signal input of the  multi- 

channel analyzer, or through a single channel analyzer t o  furnish a logic 

signal controlling the routing w ithin the multichannel analyzer. 

Thus, 

Figure 2-11 shows a typical spectrum of the  PSD output, using 

a bulk liquid scintillator, when Co and Pu-Be sources are employed. The 

Pu-Be spectrum is shown with and without routing. 

60 

Self-routing of the PS 

signal is useful in  determining the proper sett ings of the  single channel 

analyzer. Efficiency for detection of neutrons and Co60 gamma rays are  

10 percent and 0.4 percent, respectively, which are typical values for a 

liquid scintillator of 0.785 in. 3 volume. 

2-16 



3 
2-17 



0 
0 
0 * 

3 
P 
0 

v “I -- 

0 
0 
8 

8 
0 cu 

)” 

13NNWH3 t13d SlNn03 A 0  2A38WnN 

5: 
0 0 0 
0 

2-18 



When the bulk NE 213 sample is replaced by the flight scintil- 

lator, the  light output is reduced by approximately one order of magnitude. 

This is attributed, in part, t o  the  slight discoloration of the  scinti l lator 

which was  mentioned earlier, and possibly to the greater average dis tance 

of the  scinti l lat ion fluid from the photocathode. 

achieved by partially compensating for this  loss of light by increasing the 

Optimum behavior is 

photomultiplier high voltage supply about 100 volts and by increasing the 

amplifier gain. 

N o  operating conditions could be found, however, for which 

the pulse height resolution or the  PSD performance was as good as with the 

bulk NE 213 cell. Figure 2-12 shows the PS spectrum for D(d, n) He neu-  

trons from a 150 keV accelerator, a s  well a s  radiation from Co60 and Pu-Be 

source. It is clear  that  there is less discrimination between neutrons and 

gamma rays than that  obtained with the  bulk NE 213. These measurements 

were made before the Cs I  (Na) layer was attached. 

3 

Directional sensit ivity for 2 .  8 MeV neutrons is demonstrated 

in Figures 2- 13 and 2- 14. The Cs I  layer had been added by this  t i m e .  In 
3 both graphs spectra are  shown in which radiation from the D (d, n) He re- 

action is incident parallel and perpendicular t o  the  glass tubes.  Note that 

the efficiency is significantly different in the  two cases .  

In Figure 2- 13 the PSD pulses a re  shown. The response t o  

' gamma rays,  indicated by the peak around channel 16, is approximately the 

same for the two orientations, while the response to  neutrons is qui te  

directional. 

The pulse height spectrum shown in Figure.2-14 has  been 

gated by the condition that the PSD pulse be within the neutron peak, 

Directionality is again observed, but not exactly a s  would be expected on 

the bas i s  of the theoretical predictions shown in Figure 2-3. 

spectrum for perpendicular incidence is uniformly diminished in amplitude, 

The entire 
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2-12 Pulse Shape Spectra: Flight Scintillator, Commercial PSD Electronics. 
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Figure 2-13 Directional Pulse Shape Spectra: Flight Scintillator, Commercial PSD 
Electronics. The data shown with open circles  were taken with the  
detector axis aligned parallel with the 2.8 MeV neutron source direc- 
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Figure 2-14 Directional Pulse Height Spectra: Flight Scintillator, Commercial PSD 
Electronics. Source was  2.8 MeV neutrons. Open circles  were taken 
with the detector axis paralle-1 to the neutron source direction: closed 
circles ,  perpendicular. 
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rather than j u s t  the largest  pulses .  This is a n  indication of the poor pulse 

height resolution. In analyzing the flight results, the comparison of total 

neutron counts, a s  a function of angle, should provide almost a s  much in- 

formation about the direction of the incident neutrons a s  the pulse height . 

spectrum of neutron counts a s  a function of angle. 

The efficiency for neutron detection can  be  determined from the  

measurements above, s ince the strength of the Pu-Be source is known, and 

s ince a neutron monitor of known sensit ivity was  i n  operation to measure the 

neutron production from the  accelerator. Of course, the efficiency and the  

quality of the  PSD performance both depend on the lowest pulse s i z e  which 

is accepted. Thus, the  efficiencies measured with the commercial elec- 

tronics may be different from the efficiency with the  flight electronics. 

3 The efficiency both for D(d, n) He and Pu-Be neutrons was  

usually between 0. 5 and 1 percent. For the monoenergetic neutrons from 

the accelerator, the efficiency varied by more than a factor of 2 depending 

on the orientation of the  detector axis wi th  respect t o  the incident neutron 

direction. 
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3.0 ELECTRONICS 

The flight electronics were designed to obtain particle energy and 

particle identification information a s  well a s  count ra tes  for neutrons, . 

gammas and charged particles. The pulse height and pulse shape 

information consis ted of a variable amplitude fixed width pulse com- 

patible with FM/FM telemetry bandwidth requirements. The count rate 

information consis ted of a s ta i rcase waveform obtained from a counter 

and D/A converter which was self-resetting every sixteen counts. The 

detector cons is t s  of a pair of scintillators in a phoswich configuration 

coupled to a photomultiplier which is used a s  a light detector. 

scinti l lator used for neutron and gamma detection is Nuclear Enterprises 

Type NE 213 which is a liquid organic material. The scintillator light 

output decay t i m e s  a re  shown below. 

The 

1 s t Component 

2nd Component 

(8) Decay Constants 

Relative 
Decay Time Maximum Amplitudes 

Electrons Protons Electrons Protons 

5.2 nsec 5.6 nsec  100 100 

107 nsec 138 nsec  2 .7  3 .5  

Particle discrimination -5 obtained t,.rough the u s e  of a pulse width 

discriminator which uses a zero crossing technique. One of the advantages 

of this  technique is that  the zero crossing information is independent of 

signal amplitude and may be temperature compensated by matching com- 

ponent temperature coefficients. The output signal from the photomultiplier 
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is integrated directly a t  the anode with a capacitor. The load resistor 

i n  combination with t h i s  capacitor determines the discharge t i m e  constant 

( T ~ ) .  The resultant signal is amplified by a linear broad-band video 

amplifier (Figure 3-1) to obtain a high level signal proportional to the 

particle energy. 

The photomultiplier and preamp were mounted in close physical 

proximity to  minimize such factors a s  stray capacity, RF pickup, etc. 

The output signal cable  and high voltage input cable  were coaxial 

a l so  to minimize RF pickup. 

The processing electronics were located directly below the 

detector/preamp assembly in an enclosed box. 

supply was mounted on the back of the electronics box. 

The high voltage power 

The input signal to the electronics box is differentiated 

( r 2 )  and amplified to  obtain a bi-polar waveform used to obtain the zero 

crossing signal. The choice of differentiation t i m e  constants of 500 

nanoseconds ( rl)  and 200 nanoseconds ( T ) were used. 
2 

A figure of merit approach utilizing the zero crossing t i m e  

difference between the waveform generated by Y and N particles and the 

slope of the waveform a t  the zero crossing location, FM 2' ( t ime  difference) 

(AV/At), was  used to determine 7 and T 1 2' 
and zero crossing signals are shown in Figure 3 - 2 .  

The theoretical preamp output 
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NE 213. 
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Since detection of charged particles excites the slower CsI (Na) 

detector instead of the NE 213, the zero crossing t i m e  for these  particles 

is quite long when compared with NE 213. 

Because of the small t i m e  differences (30 nanoseconds) between 

gamma and neutron zero crossings and the relatively long t i m e  between the 

s tar t  of the pulse and the zero crossing (400 nanoseconds), a pulse sub- 

traction technique was utilized to increase the percentage difference 

between the measured zero crossing t i m e s .  

The pulse subtraction (See Figure 3-1) was accomplished by 

triggering a temperature compensated one-shot multivibra tor from the ampli- 

fied leading edge of the photomultiplier signal pulse and generating a 

negative 250 nanosecond pulse which is subtracted from the zero crossing 

pulse in an  analog gate .  

are: 

The resulting pulse widths for the various particles 

Gammas 100 nsec 

Neutrons 140 nsec  

Charged Particles > 500 nsec  

A linear time-to-voltage converter using a ramp generator, 

. whose amplitude is proportional to the pulse widths outlined above, is 

utilized to obtain particle identity. The ramp generator holds its voltage until 

pulse shape (PS) information transfer t o  the telemetry circuits is com- 

pleted (See Figure 3-3) . 
Simultaneously, with the particle discrimination described 

above, pulse height information is obtained from the amplified 
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photomultiplier signal. This is accomplished with a f a s t  a c c e s s  (20 - 30 nsec) 

sample-and-hold circuit shown in Figure 3-4 which s tores  the pulse height 

information (PH) un t i l  information transferral to the telemetry is completed. 

Decoding and pulse coincidence logic (Figure 3-4) are  a l s o  used 

to quantize the particle identification information. The resulting particle 

identification pulses a re  counted and D/A converted (Figure 3-5) to obtain 

count rate information for each of the three particle types. 

Simultaneously, t he  sample-a nd-hold circuits a r e  controlled by 

these pulses to  route the particle energy (signal amplitude or pulse height) 

and particle identification (pulse shape provided by the ramp generator 

output voltage) to the proper telemetry channel. 

Dynamic ranges of 2O:l for each  of the particle types a re  obtained 

with the techniques described above. The resultant dynamic ranges for 

neutrons is typically 1 - 10 MeV and 200 keV - 4 MeV for electrons. 

relationship between electron energy and proton energy for the scintillator 

used ha s been previously described. 

The 

q b l o c k  diagram of the electronics is shown in Figure 3-6. The t i m e  

interval for the signal processing to obtain pulse shape, a s  described 

above, is approximately 3.0 psec resulting in  a very small dead t i m e  loss .  

The circuits used to interface with telemetry, however, increase the dead- 

t i m e  to x 800psec  to maintain consistency with FM/FM telemetry band- 

widths. 

After acquisition and processing of a single pulse the electronics are  

completely inhibited for a duration of 800psec.  This is t b  width of sample 
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and hold telemetry outputs (pulse height and pulse  shape).  After this 

t i m e  period the inhibits a re  removed and the next input pulse generates 

another 800 psec inhibit period after the 3psec acquisition period has  

been completed. The power for the electronics is 3.25 wat ts  and is 5.0 

watts for the complete rocket flight instrument package. 

Particle Discrimination 

The output of t h e  time-to-voltage converter is a pulse for each 

particle detected.  The height of the pulse tells what type of particle 

was observed. 

using it to process the light outputs from a bulk NE 213 scintillator which 

was exposed to  gamma ray and neutron sources.  

tribution of the time-to-height converter (called the P u l s e  Shape Spectrum) 

was stored in a pulse height analyzer. 

of the breadboard circuit to  Co 

generator using the D-D reaction. This output consis ts  mostly of neutrons 

but with a small number of gammas. The figure shows that  gammas give 

pulses  a t  about channel 58, and neutrons, channel 72 .  Figure 3-8 shows 

the response of t h e  flight electronics (with bulk scintillator) to Co 

gammas, and to a mixture of gammas and neutrons from a Pu-Be source. 

The peaks from gammas (channel 28) and neutrons (channel 32) a re  well 

separated. This indicates that  the electronic system works well with the 

bulk scintillator. 

The electronic sys tem's  performance was measured by 

The pulse height dis-  

Figure 3-7 shows the response 
60  gammas and to the output of a neutron 

60  

- 
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Figure 3-8 P u l s e  Shape Spectra: Bulk Scintillator, Flight Electronics. The 
open-circle data were taken with a Pu-Be source, and show a gamma 
peak and a neutron peak. The closed-circle data were taken with 
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4.0 COMPLETION OF THE FLIGHT SYSTEM 

4.1 Sun Sensor 

To utilize the directional properties of the detector, it is 

necessary to know the orientation of the g l a s s  tubes with respect  to the 

sun at every instant. 

(Type CL7 03L, manufactured by Clairex Corporation) was  designed, built, 

and attached to  the outside of the photomultiplier housing. 

0. 062 by 0. 625 inch, allow sunlight to  produce an  output pulse from the 

cell once each revolution a s  the rocket spins. 

For this  purpose, a holder for a photoconductive cell 

Two slits, 

The holder and slit system is shown a t  the bottom of Figure 

4-1, while the curve in the insert at the top shows measurements of the 

cell's output a s  a function of the angular motion of a light source. The 

angular resolution (FWHM) is about 9. 5 degrees. A s  the rocket rotates 

in flight, the detector axis  is aligned with the s u n  a t  an angle Q = 17. 67 

degrees before the sun sensor output signal and will be  aligned again, of 

course, a t  an angle T - (Y after the signal. 

4. 2 Nose Cone Ejection System 

Proper operation of the sun sensor, and to a lesser extent, 

of the directional detector i tself ,  requires that the nose cone be ejected 

when the rocket reaches sufficient aititude. 

used in this flight was  designed, built, and tes ted by AS&E as  a part of 

the contract. 

bly are shown in Figures 4-2 and 4-3. 

The ejectable nose cone 

Photographs of two views of the nose cone ejection assem- 

Guillotine-type cable cutters operate by the firing of squibs 

a t  a preset time after launch. This, in turn, re leases  three finger clamps 

so that compressed springs separate the nose cone from the rocket. 
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Figure 4-1 Solar Aspect Detector 
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Figure 4-2 Nosecone Ejection System, top view. 
The rods marked A, B, and C provide the ejection impulse, 
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Figure 4-3 Nosecone Ejection System, bottom view. 
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4. 3 Power Supplies 

Voltage leve ls  of t 5. 0, t 6.75, and - 6. 75  were required by 

the electronics. 

ternal supplies or a ground support unit at tached through the umbilical. 

These could be provided either by battery operated in- 

The photomultiplier was  powered by a 3 ma, 1500 volt supply 

manufactured by Mi l  Associates. 

output remained constant over an  input range from 13 to 2 2  volts. 

put w a s  set at 18 volts for the flight. 

The supply w a s  stabil ized so that the 

The in- 

The umbilical connection, when attached, could be used to  

recharge the internal batteries and to monitor the internal voltage levels  

as well  a s  to supply power. During flight, a commutator system continu 

ously sampled these leve ls  and transmitted the information to the ground 

station by telemetry. 

4.4 Telemet ry  

A standard Nike-Apache telemetry uni t  was used a s  provided 

by Goddard Space Flight Center. 

o u s  s ignals .  Every 36 seconds, transmission was interrupted to allow 

the generation of a calibration waveform, a s  each input was stepped from 

0.00 to 5.00 volts in  integrals of 1.00 volt. 

Table IV-1 lists the channels for the vari- 

Permanent records of the telemetry signal were produced on 

magnetic tape and on 12-inch rolls of paper. A s  d iscussed in Section3. 0, 

and as demonstrated in the following sections,  ’ simultaneous Pulse Height 

(PH) and Pulse Shape (PS) information for each event was  recorded, allow- 

ing two-parameter analysis  of the flight data. 
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IRIG Band Channel 

PS 

PH 

Proton Scaler 

Neutron Scaler 

Gamma Scaler 

Solar A spec t 

Neutron- Pro ton 
Interference 

Commutator 

Not Used 

18 

1 7  

16 

15 

14 

1 3  

12 

11 

10 

Frequency (kHz) 

70. 00 

52.50 

40.00 

30.00 

22.00 

14 .50  

10.50 

7 .35  

5 .40  

TABLE IV-1 

Utilization of Telemeterins Channels 

- 

Filter Frequency (Hz) 
1650 

79 0 

600 

450 

33 0 

220 

160 

110 

8 0  

4 .5  Assembly 

The photographs of the completed flight system (Figures 4-4 

and 4-5) show the essent ia l  parts of the experimental apparatus. 

nose cone and outer skin of the rocket do not appear. 

scintillator is a t  the top of each  picture, just  above the housing for the 

photomultiplier tube. 

Figure 4-5 is taken from the s ide of the rocket where the high voltage 

The 

The directional 

Figure 4-4 provides a view of the sun sensor. 

power supply is mounted on the electronics box. 

below the photomultiplier tube. 

Both of these are just  
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Figure 4-4 Payload, Front view. The sun  sensor  is s e e n  mounted i n  place 
on the  s ide  of the photomultiplier can .  
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Figure 4-5 Payload, Rear View 
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5.0 TESTS OF DETECTOR WITH PAYLOAD 

5. 1 Laboratory Tests 

The payload, with the exception of the telemetry package, 

was  completely assembled and tes ted in the laboratory prior to  integration 

tests at Goddard Space Flight Center. 

Signals, which are normally input t o  the telemetry, were in- 

s tead  coupled through emitter followers to  a l inear pulse shaping circuit, 

and from there to a pulse height analyzer, oscilloscope, and other cir- 

cuits. Routing was  performed as in earlier tes t s ,  by sett ing the window 

of a single-channel analyzer to  the appropriate position for the PS signal. 

Figures 5-1 and 5-2 show the PS and PHspectra, respectively, 
60 from Co and Pu-Be sources a s  well  as for radiation from the neutron 

genera tor. 

Note  that the PSD is not a s  good a s  was achieved with commercial 

electronics, as  indicated by the large number of counts in the region of 

the PS spectrum between the neutron and gamma rays than was observed 

earlier. 

Since the flight electronics works well with the bulk scinti l-  

lator, the reason for the poor PSD m u s t  be  attributed, in part, to operating 

the system with the low pulse  heights coming from the flight scintillator. 

Observation of waveforms in the cri t ical  circuit elements j u s t  prior to the 

zero-crossing s t age  indicated that  the principal trouble was probably pick- 

up from the digital or logic circuits causing a distortion of the analog 

signal. Subsequent electronics circuits will have to be more carefully 

designed, incorporating improved isolation and techniques for degrading 

undesired transient signals.  
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Figure 5-2 Flight Unit Pulse Height Spectra. The spectra from Pu-Be and the D (d,n) 
reaction a re  a mixture of gammas and neutrons, so the gamma part w a s  
rejected by PSD i n  these  data .  
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M o s t  of the measurements taken in  the laboratory utilized a 

5 12  channel one-parameter pulse height analyzer. Since a two-parameter 

analysis  of PS and PH signalswas required, the laboratory tests required 

multiple runs and did not lend themselves wel l  to simple displays of the 

data. To aid in  visualizing the results,  t i m e  exposure photographs of a n .  

X-Y oscil loscope display were taken with the PH and PS amplitudes deter- 

mining the coordinate s. 

The photographs are  s e e n  in Figure 5-3. PS and PH signals  

determine the vertical and horizontal coordinates, respectively. The 

spots along the top of each photograph represent radiation in  the CsI. 

The response of the NE 213 to gamma rays produces the points one-third 

of the way up from the bottom, Neutrons, i f  detected,  should appear as 

a horizontal l ine sl ightly above the gamma ray l ine.  Pu-Be, Co , and 
60 

generator neutrons were used to produce these photographs. 

PSD that  is less than ideal,  there is a dis t inct  l ine which can  be attributed 

to neutrons appearing in  the Pu-Be and neutron generator exposures, 

but not in the Co 

In sp i te  of 

60 exposure. 

In Figures 5-4 and 5-5 are shown the directional response to 

Pu-Be and neutron generator radiation. 

production, with the incident neutrons first parallel and then perpendicular 

to the axis  of the g l a s s  tubes. 

the scintillator, with significantly greater response in  the parallel case 

for generator neutrons. The directionality is much less for the continuous 

Runs were taken for equal neutron 

There is a definite directional response of 

neutron spectrum from Pu-Be. 

Vacuum tests were performed on the high, voltage supply, 

detector, and preamplifier. These components were set up in a bell j a r  

which was evacuated to a pressure of 10  -4 mm while power was supplied. 

The preamplifier output was not affected by the  evacuation. 
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Figure 5 -3 Flight Unit Two-Parameter Display. 
Each photograph is a time exposure, with every event represented a s  a dot. The dot's location tells its pulse height and pulse shape. The 
origin is a bright blotch in the lower left comer of each photograph. PH voltage is the 
abscissa, increasing rightward. 

PS voltage is the ordinate, increasing upward. 
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Figure 5-4 Directionality to Pu-Be Neutrons. Taken with the  flight detector system. 
The pulse height spectrum is shown, for all events with PS in the neutron 
range. 
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Figure 5-5 Directionality to 2.8 MeV Neutrons. 
Taken with the flight system, same sett ings as i n  Figure 5-4.  
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Vibration tests of the entire payload, and also of the high 

voltage supply separately, were made without incident. 

Nose  cone ejection was  tes ted several  t i m e s  in the laboratory 

with no failures. A motion picture of the ejection was  examined frame by 

frame. 

of several  ft/sec. 

It was  noted that  the nose cone w a s  ejected smoothly at a velocity 

5.2 Integration Tests 

On May 22, 1967, integration tests were begun a t  Gqddard 

Space Flight Center. The payload was  disassembled, then carefully re- 

assembled. Vacuum and shake tests were performed with no problems 

encountered except for the loosening of a screw. The screw was,  of 

course, retightened. 

The electronics were tes ted with and without the telemetry. 

By use  of telemetry, it w a s  possible to get a quantitative two-parameter 

analysis  of the PH and PS signals.  A s  discussed more fully in the next 

two sections of this  report, an OSCAR data reduction machine was  used to 

measure the heights of the pulse pairs from a paper record. The informa- 

tion was then recorded on data cards. 

Such telemetry records were made before and after the shake 

and vacuum tes t s ,  using Pu-Be and Co60 radiation. Comparison of the 

resul ts  indicated that the vacuum and shake t e s t s  produced no adverse 

effect on the output. 

5. 3 Preflight Calibration 

One week prior to launch, tests were begun a t  the launch 

station a t  Wallops Island, Va. A s  in the integration tests, magnetic 

tape and paper records of the output from Pu-Be and Co 60 were produced. 
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Figures 5-6 and 5-7 show the two-parameter output for Pu-Be 

radiation, for parallel and perpendicular incidence. This was obtained by 

transmitting a PS (pulse shape) pulse  and a PH (pulse height) pulse  through 

the telemetry system for each event occurring in the scintillator. Both 

pulses  arrive and a re  recorded by the telemetry ground station s i m u l -  

taneously. The telemetry record is then examined, and the pairs of s i m u l -  

taneous PS, PH pulses a re  measured (in volts). Each event is categorized 

by two parameters. The two-parameter plot in Figures 5-6 and 5-7 show 

the number of events observed for each combination of PS and PH voltage. 

Different dots  are  plotted to indicate the differing populations of events 

for various values of PS and PH. The l ine along PS = 4 volts is events 

from the CsI shield. The region near PS = 1 . 7  volts is from gamma rays 

in the liquid scintillator. Neutrons interacting in the liquid scintillator 

produce proton recoils with PS = 2 . 2  volts. Events with PH less than 

0.25 volts a re  subject to electronic malfunction, so were not used in any 

data analysis.  

to the continuous neutron spectrum emitted by the Pu-Be source. This 

effect was  also seen  in the earlier payload tests (Figure 5-4). 

shape discrimination is a t  least 90 percent complete for gamma rays in 

There is very little directionality in the detector's response 

Pulse 

' NE 213, and better than 90 percent for events induced in the CsI. 

60 Since the strength and location of the Pu-Be and Co 

sources are known, the efficiency.of the complete flight system for 

detection of neutrons and gamma rays from these sources can  be deter- 

mined. Values obtained are 1. 30 percent for Pu-Be neutrons, 0. 51 per- 

cent for Co 

from the Pu-Be source. 

60 gamma rays, and 4.4 percent for the 4.43 MeV g a m m a  rays 
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6. 0 DESCRIPTION OF THE FLIGHT 

6. 1 Flight Performance 

At 2308:OO GMT on 13 June 1967, the neutron detector payload, 

pictured in Figure 6-1, was  launched from the Wallops Island Range at 

a Zenith angle of 15.4 . The rocket axis w a s  oriented normal to  the 

earth-sun line. 

plane normal to the spin axis  and swept by the sun  twice per rotation of 

the rocket. 

data, appears in Figure 6-2. 

were 598,000 feet and 465,000 feet, respectively. 

0 

Then as  the rocket spun, the detector axis rotated in a 

A graph of the trajectory, obtained from preliminary radar 

The maximum altitude and horizontal range 

The duration of the 

flight was  435 seconds. 

A l l  components of the system worked perfectly during the 

The nose cone was  ejected exactly a s  planned at T t 54 seconds. flight. 

Fins on the rocket were set to provide a spin of about six revolutions 

per second. A s  will be shown later, the spin was  almost exactly seven re- 

volutions per second. A commutator system sampled various voltage levels  

during the flight, providing continuous information about the stabil i ty of 

voltages and temperature, and the condition of the nose cone. 

temperature did not change significantly during any portion of the flight. 

The 

During re-entry, a light leak developed in the detector a t  

T t 390. The useful portion of the flight had ended by that time, however, 

and the detector had not been designed to withstand the s t r e s ses  associ-  

a ted with re-entry. 

6-1 



BV-030 

Figure 6- 1 Nike-Apache , flight 14.297 i n  launch position. 
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Figure 6-2 Vertical Trajectory Plot. Limit of atmosphere was determined by 
stability of spin rate. 
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6. 2 Electronic Performance 

A short sample of the telemetry output is shown in Figure 6-3. 

This absc i s sa  is time, whose scale is found by noting that  the two peaks in  

trace 13 are 0.143 sec apart, while the various telemetry channels appear 

in  the same order as in Table IV-1. 

be measured to a n  accuracy of about one percent of the maximum height by 

an  OSCAR data reduction machine. This information is recorded, along with 

the t i m e  of the event,  on IBM cards for later correlation s tudies .  

' 

The height of the PS and PH pulses can  

Four sca le r  outputs were provided. They yield much less in- 

formation than the two-parameter PS-PH data, by their nature. The 

scaler  data would have been used if  the PS or PH channels had not worked 

properly. 

The sun sensor  output is seen  a s  a series of light peaks, 

143. 15 milliseconds apart, 

coinciding with nose cone ejection. 

s ide of the main peaks. 

The first blip appeared a t  T t 54. 076 seconds,  

Secondary light peaks appear on each 

These are caused by internal reflections in the 

sensor. 

machine, and these data were used to determine the orientation of the 

The time for each main peak was  measured with the OSCAR 

detector ax is  with the sun. This could be done, for each event, to an 

accuracy of about 2 degrees. 

The sun sensor  data a l so  allowed determination of the spin of 

This is plotted in Figure 6-4. the rocket. 

upper atmosphere are  apparently responsible for the decrease in angular 

velocity observed a t  each end of the graph, 

The frictional effects in the 
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Figure 6-3 Telemetry Record Sample. The traces represent, from the top down 
time code, PS,  PH,  scaler, scaler, s u n  sensor, scaler, housekeeping 
commutator, time code. 
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The lowest channel on the telemetry record is the commutator. 

Each level  was measured by the OSCAR machine a t  3-second intervals. 

A l is t ing of the resul ts  was carefully inspected, and no evidence of any-  

major drift of voltage or temperature during the flight was observed. 

Selected levels are  plotted in  Figure 6-5 for t h e  period of flight. 

A coning of the rocket following re-entry is indicated by a 

distortion of the sun sensor  pulses, beginning a t  T + 364 seconds,  s i m u l -  

taneous with the de-spin noted a t  the right-hand s ide  of Figure 6-4. The 

pulses become broader and poorly defined, a s  though the s u n  was not 

directly illuminating the photoconductive cell. This did pot affect the 

usefulness of the data, s ince the directional properties of the detector 

could be utilized only above the atmosphere. 

In summa'ry, the fl ight was performed without difficulty and 

provided a u s e f u l  engineering test of the directional neutron detector. 
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7.0  ANALYSIS OF SCIENTIFIC DATA 

7 .1  Data Reduction 

A s  mentioned previously, data were extracted from the paper 

records of the flight and placed on IBM cards by u s e  of the OSCAR data 

reduction machine. 

sun sensor, and commutator. 

The telemetry channels analyzed included PS, BH, 

Over 18, 000 pulse pairs were measured in the PS and PH 

channels, with the peak heights and t i m e  for each event digitized and 

punched on cards. There were 12 calibration waveforms recorded during 

the flight which a l so  were measured, providing a means of converting 

pulse height from arbitrary units of the measuring machine to volts. 

These calibration waveforms were consistent to  within one percent of the 

full scale deflection. 

The sun sensor  data were a l so  analyzed by recording on 

cards the t i m e s  within each second a t  which blips occur. A least-squares 

analysis  was then performed, fitting the data to the equation N = T./143.15 i i  
+ b(t) to obtain the parameter b for each second of the flight. The para- 

meter b contains the effects of non-constant spin period a s  well a s  an  

initial phase. Here, T. is the t i m e  a t  which the N.th blip occurs. With 

b known, the angular position of the sun sensor relative to the sun  a t  the 

t ime T of a n  event during that second would be 8 = 2 ?r (T/143.15 + b) . 
It is then a straight forward matter to determine the angle between the sun 

1 1 

and detector axis .  

The data were transferred from cards  to magnetic tape, with 

six numbers being recorded for each event, a s  indicated in Table VII-1. 
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TABLE VII-1 

Form of Reduced Flight Data 

Para meter 

PH (Pulse Height) 

PS (Pulse Shape) 

Time (Coarse) 

Time (Fine) 

Angle 

Height 

Form or Units 

Hundredths of Volts 

Hundredths of Volts 

Seconds 

Milliseconds 

Sun-Axis Angle in  degrees 

T ime  from Apogee, in  seconds, 
unsigned 
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7.2 Fliqht Data from the Scintillator 

Once the data were on magnetic tape, they were then sorted 

out by computer. 

(vertical) versus PH (horizontal), using data from the entire flight. 

In Figure 7-1 is a two-parameter display showing PS . 

7.2. 1 Particle Identification 

The events forwhich there is a large PS signal correspond, 

in m o s t  cases ,  to cosmic ray events.  Gamma events in NE 213 should 

appear at a PS around 1.80 volts, and such a peak is seen. 

are expected over a range from 1. 88 to 2. 64 Volts, a s  determined by the 

preflight calibration. 

Neutrons 

Many counts are observed in this range, indicating that a 

In order large number of events could have been caused by neutrons. 

to verify that neutrons were detected during the flight, we  looked a t  

the PS spectrum (i. e. , data from Figure 7 -1  summed over all  values of PH). 

The spectrum should show a peak at 1.8 volts due to gammas, a t  2 . 2  volts 

due to neutrons, and a large peak at 4. 2 volts due to charged particles. 

The data as presented in Figure 7-2 show the gamma and charged particle 

peaks clearly, but the region between is filled in by spillover from the 

charged particle peak. 

lead to is that any neutrons present would be obscured by the charged 

particle spillover. 

The only conclusion which Figure 7-2 can 

A t  this point the two-parameter data (Figure 7-1) were re- 

examined. The charged particle spillover appeared to be  worse at 

PH values above one volt. Also, the neutron detection efficiency is 

better below one volt. (While w e  cannot make a definite correspondence 
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Figure 7-2 Pulse Shape Spectrum, full range of pulse heights. Time after launch: 
90 to 350 sec. Al l  angles  with Sun. 
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w 

between pulse height (PH) and neutron energy, it w a s  observed that  2 .8  

MeV neutrons gave pulses below 1. 2 volts.) On the basis of these  

considerations, a portion of the data having PH between 0.25 and 1 .2  

volts were re-examined. 

Such a selected group of data were summed over PH and plotted 

a s  a PS spectrum in Figure 7-3. 

above 1. 2 volts that  the charged particle spillover does not occur below 

PSS 2 . 7  volts. The small unresolved peak between 2. 0 and 2. 5 volts 

could now be neutrons. 

and charged particle peaks are typical of data observed in previous 

ca l  ibra t ion s . 

It  was  determined from other PH cuts  

Its  width and location with respect  to the gamma 

7. 2. 2 Directional Effects 

Using t h e  sun sensor  data,  we  calculated the rocket aspec t  

for a l l  t i m e s  during the flight. 

various orientations of the detector with respect  to the sun. 

data were grouped into three intervals, according to 8 ,  the angle between 

the earth-sun l ine and detector axis. 

None of the data show any s ta t is t ical ly  significant dependence on e. 

This allowed a presentation of data for 

The 

Results are shown in Figure 7-4.  

7. 3 Interpretation of Flinht Data 

The data presented in 7.2 must be interpreted using detector 

dimensions and efficiencies. 

ments: charged particle, neutron and gamma. The detector was  not 

expected to be directional for charged particles or gammas, and indeed 

the resul ts  were independent of direction. 

correlation with earth-sun l ine direction either, but there a re  many more 

counts than were expected. 

This resul ts  in  three separate flux measure- 

The neutron data show no 

7-6 



50C 

45c 

400 

350 

300 

250 

200 

150 

100 

50 

I T I I 

i 

0' 1 I I I I I 

I 1.5 2.0 2.5 3.0 I 3.5 4.0 4.5 

VPS 

Figure 7-3  Pulse Shape Spectrum, pulse heights up  to 1 .2  Volts. Time after launch: 
90 to 350 sec. A l l  angles .  

7-7 



300 

200 

IOC 

0 

I I I I I 1 I I I I 

I 

"GAM MAS" 

' 30" 60' 90" 

"CHARGED 
PAR TI CLES" 

x 1/10 

L 
' 30" 60" 90" 0" 30" 60" 

ANGLE BETWEEN DETECTOR AND SUN (degrees) 
I" 

Figure 7-4 Angular Variation of Counts. The three histograms are  select ions of 
different ranges of the PS parameter. For g a m m a s ,  PS ranges u p  t o  
1.86 Volts. For neutrons , PS ranges between 1.87 and 2.83 Volts. 
For charged particles , PS ranges above 2.83 Volts. 

7-8 



7. 3. 1 Charged Particles 

A total of 8362 events were observed in 260 seconds. The 
2 effective diagonal area of the CsI(Na) shield was  38 c m  2 lo%, giving 

a n  omnidirectional flux of 0. 76 to 0.96/cm 

for charged particles is taken to be 100%). 

2 sec (s ince the efficiency 

The primary proton flux at 
2 the top of the atmosphere is(') 0. 1 2 / c m  sec ster,  giving a 2 ~ f l u x  of 

2 
0.76/cm sec. The present data agree with previous measurements of 

primary proton flux. 

7.3.2 Gamma Rays 

A total of 615 counts were observed in 260 seconds above the 
2 atmosphere. The effective area of the NE 2 13 cell was  20 c m  . The 

detector efficiency was  measured before the flight to be 0. 5 percent for 

1 .2  MeV gammas from Co60 and 4 .4  percent for the 4.43 MeV gammas 

f rom the Pu-Be source. 

low light output of the cell, i t  is difficult to calculate the gamma flux, 

Because of the poor resolution resulting f rom 

I t  is believed that the efficiencies measured in the lab represent 

approximate l i m i t s  to the efficiency in flight. Thus, the observed 

counting rate above the atmosphere of 0. 11 counts/cm 

a gamma flux between 2. 6 and 23. 6 photons/cm 

value is within a factor of two of previous measurements 

2 sec suggests  
2 sec. The lower 

(10)  . 
7. 3. 3 Neutrons 

The number of events  occurring where neutrons are expected 

The pulse shape w a s  383 for pulse heights between 0.25 and 1. 2 volts. 

discrimination between gammas and neutrons was  good enough (10: 1 gamma 

rejection) so that these counts cannot be attributed to gamma spil lover.  

The difficulties with charged particle spillover as shown in Figure 7-2 

preclude identifying these counts positively as  neutrons. 
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7. 4 Directionality 

Since no directional effect w a s  observed, it can be  
stated that the upper l i m i t  on monoenergetic neutron flux at energies I 

from 2-5 MeV from the sun w a s  5 n/cm sec on June 13, 1967, 2309:30 

to 2313:SO GMT. 

2 
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8.0 CONCLUSIONS 

a. The concept of the directional neutron detector has  been 

shown to be valid. Significant directional effects are  achievable.  
Results have been published by Kellogg and Waters (11) , 

b. The technique of pulse shape discrimination to separate neutron 

and gamma ray interactions in the scintillator for this particular geometry 

has  been shown to be valid. 

c. The charged particle flux in space is known to be much higher 

than either the neutron or gamma flux. I t  is desirable to u s e  a separate 

scinti l lator for charged particles, otherwise the ''break through" that is 

bound to occur in any electronic separation system will give spurious data 

, in the neutron and gamma ray channel. 

d. I t  is very important to transmit both the pulse height and 

the pulse shape data on telemetry to allow two dimensional analysis  

to be performed on the ground. 

enough without great electronic complexity. 

On-board analysis  cannot be sophisticated 

e. The ejectable nose cone and complete payload functioned 

perfectly during our ground t e s t s  and during the flight. 

f .  The detector operated a s  predicted. The measured fluxes of 

protons and gamma rays agree with previous measurements. 

g. No  significant solar neutron flux w a s  measured. The upper 

l i m i t  was  five neutrons per square centimeter-sec. 

h. Improvements in the detector are required as  follows: 
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(1) Increase l ight output from the cell. For example, 

by reverting to the use  of individual g l a s s  tubes 

rather than the monolithic g l a s s  block. 

(2) Make the charged particle anticoincidence system 

optically separate by isolating the CsI shield and 

observing it with a separate photomultiplier. 

(3)  In the electronics the crosstalk between 

analog and digital  circuitry m u s t  be reduced. 

This problem will be alleviated by increased 

l ight output from the detector. 
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